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ABSTRACT: 

There is provided an inverter apparatus islanding operation detecting method capable of surely 
detecting an islanding operation with a simple construction. A distortion for causing a variation in 
an output frequency of an inverter apparatus in an islanding operation stage is applied to an 
inverter output waveform. With this arrangement, even when the inverter apparatus is 
disconnected from an AC power system (16) in a state in which a power factor of a load 
impedance is proximate to one, a frequency variation is generated in an inverter output, thereby 
ensuring detection of the islanding operation. 
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(54) Apparatus and method for detecting an inverter Islanding operation 

(57) There is provided an inverter apparatus island- 
ing operation detecting method capable of surely 
detecting an islanding operation with a simple construe* 
tion. A distortion for causing a variation in an output fre- 
quency of an inverter apparatus in an islanding 
operation stage is applied to an inverter output wave- 
fam. With this arrangement even when the inverter 
apparatus is disconnected from an AC power system 
(16) in a state in which a power factor of a load imped- 
ance is proximate to one, a frequency variation Is gener- 
ated in an inverter output, thereby ensuring detection of 
the islanding operation. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an inverter appara- s 
tus for supplying a power to a load in interconnection 
witti an AC power system and an inverter apparatus 
isianding operation detecting method for detecting the 
event that the inverter apparatus has started an island- 
ing operation as dissociated from the AC power system io 
due to a power failure or the like of the AC power sys- 
tem. 

Conventionally, there has been an inverter appara- 
tus as shown in Fig. 14. This inverter apparatus 100 
subjects a DC power Inputted from a DC power source is 
101 to PWM (Pulse Width Modulation) control in an 
inverter main circuit 102, thereby converting the DC 
power into an AC power. Then, after a high-frequency 
conponent is removed from the converted AC power by 
a filter comprised of a reactor 1 03 and a capacitor 1 04. 20 
the resulting AC power is supplied to a load 105. The 
load 105 is further supplied with an AC power from an 
AC power system 108 via a breaker 106 and a pole 
transformer 107. so that the inverter apparatus 100 is 
operated in interconnection with the AC power system 25 
108. 

The inverter main circuit 102 is subjected to the 
PWM control as follows. That is. a load supply voltage 
Vq supplied to the load 105 is detected by a voltage 
detector 1 09. Then, the detected load supply voltage Vq 3o 
is inputted to a band-pass filter 110 to pass through it 
and made to be a sine wave signal Va which is inputted 
to a cunrent reference generata circuit 1 1 1 . The cun'ent 
reference generator circuit 111 multiplies the inputted 
sine wave signal Va by an output command signal Vc so 35 
as to generate a current reference signal Ic and input it 
to an en-or amplifier circuit 1 12. 

On the other hand, an output current Iq of the 
inverter main circuit 102 is detected by a cun-ent detec- 
tor 113 and inputted to the en-or amplifier circuit 112. 40 
The en-or amplifier circuit 1 1 2 generates an error ampli- 
fication signal E based on the inputted cun-ent reference 
signal Ic and the output current Iq and inputs it to a 
PWM control circuit 114. The PWM control circuit 114 
generates a gate pulse signal by executing a pulse 45 
width modulation process based on the inputted error 
amplification signal E and inputs it to a gate drive orcuit 
115. The gate drive circuit 115 switchingly control 
switching elements (not shown) constituting the inverter 
main circuit 102 by the inputted gate pulse signal Gp, so 
thereby converting the DC power of the DC power 
source 101 into an AC power. 

The inverter apparatus 100 has detected the event 
that the inverter apparatus has entered into an Islanding 
operation state as follows. It is to be noted that the 55 
islanding operation means a state in which the DC 
power source 101 (e.g.. a solarlight power generation 
system) continues supplying a DC power when the AC 
power system 108 fails. 



When the inverter apparatus 100 enters into the 
islanding operation state, a voltage abnormality and a 
frequency abnonnality occur in the toad supply voltage 
Vq supplied to the load 105. This is for the reasons as 
follows. That is. the amplitude and phase of the cunrent 
reference signal k; relative to the toad supply voltage Vq 
are as shown in Fig& 15A and 15B due to the transfer 
characteristics of the band-pass filter 110. Therefore, 
when the breaker 106 is opened thereby making the 
inverter apparatus 100 enter into the islanding operation 
state and when a reactive power supplied from the 
inverter apparatus 100 and a reactive power required by 
the load 105 do not coincide with each other, the output 
of the inverter apparatus 100 (referred to as an inverter 
output hereinafter) exhibits variations such as (i) devia- 
tion of its frequency from the rated frequency (e.g., 
50/60 Hz when the AC power system 108 is the com- 
mercial power source) fo. (ii) reduction of its cun'ent 
value, and (ill) reduction of its voltage value. For exam- 
ple, in the case where the load impedance of the 
inverter apparatus 100 when it enters into the islanding 
operation state has a delayed phase ^ as shown in Rg. 
1 SB, the frequency of the invert®" output balances when 
it is increased up to f^. In this stage, the cun'ent value of 
the inverter output reduces from Iq to l^, and the voltage 
value reduces in accordance with it 

Therefore, this inverter apparatus 100 is provided 
with a voltage abnormality detector drcuit 1 1 6 and a fre- 
quency abnormality detector circuit 117 for the detec- 
tion of the voltage abnormality and the frequency 
abnormality of the load supply voltage Vq and decides 
whether or not the inverter apparatus 100 has entered 
into the islanding operation according to the result of 
detectton. Based on the result of decision, the operation 
of the gate drive circuit 1 15 is stopped, so that the out- 
put of the inverter main circuit 102 is stopped and the 
DC power source 101 is disconnected from the AC 
power system 108 by a system linking relay (not shown) 
owned by the inverter main circuit 102, thereby prevent- 
ing the islanding operation of the inverter apparatus 
100. 

However, the background art inverter apparatus 
100 that prevents the islanding operation in the afore- 
mentioned manner has had the problem that the fre- 
quency variation and the voltage variation of the inverter 
output reduce when the power factor of the load imped- 
ance of the inverter output is proximate to one. causing 
the islanding operation state to be hardly detected by 
the voltage abnormality detector circuit 1 16 or the fre- 
quency abnormality detector circuit 1 1 7. 

For the above reasons, there has been conventton- 
ally proposed a method for detecting the islanding oper- 
ation state by detecting a distortion generated in the 
output wavetomi of the inverter output in the islanding 
operation state. This is as follows. That is, when the 
inverter apparatus 100 enters into the islanding opera- 
tion state, an excitation cunrent is supplied from the 
inverter apparatus 1 00 to the pole transformer 1 07, and 
this excitatton current causes a distortion at or around 
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the zero-crossing point of the output waveform of the 
inverter output supplied to the load 105. Therefore, by 
measuring the distortion and a rate of change of the dis- 
tortion, the islanding operation state is detected. 

However, in order to detect the islanding operation £ 
in a manner as desaibed above, it is required to newly 
provide a circuit for detecting the distortion and the rate 
of change of the distortion. This has caused an increase 
in mrrbef of the conrponents and a conplication of the 
construction of the inverter apparatus, which has been a io 
factor for inaeasi ng the cost of the inverter apparatus. 

SUMMARY OF THE INVENTION 

The object of the present invention is therefore to is 
allow the Islanding operation to be surely detected sim- 
ply and at low cost even when the power factor of the 
inverter output with respect to the toad impedance is 
proximate to one. 

In order to achieve the aforementioned object, the 20 
present invention provides an inverter apparatus island- 
ing operation detecting method for detecting an event 
that an Inverter apparatus which converts an output of a 
direct current power source into an alternating current 
through wavefam control synchronized with a zero- 25 
crossing point and supplies the afternating current to an 
load in interconnection with an alternating cun'ent power 
system has been dissociated from the alternating cur- 
rent power system and started an islancfing operation, 
comprising: 30 

imparting to an inverter output waveform a distor- 
tion for causing a variation in an output frequency in 
an islanding operation stage of the inverter appara- 
tus, and detecting the islanding operation of the 35 
inverter apparatus by detecting a frequency varia- 
tion of an inv^er output caused by the distortion or 
a variation attributed to the frequency variation. 

Also, tfie present invention provides an inverter 40 
apparatus having: an inverter main circuit for converting 
an output of a direct current power source into an alter- 
nating cunrent and supplying the alternating current to a 
load in interconnection with an alternating current power 
system: an inverter control system for controlling the 4s 
converting operation into the alternating current of the 
inverter main circuit by waveform control synchronized 
witii a zero-crossing point of an inverter output; and an 
islanding operation detecting system for detecting an 
Islanding operation of tiie inverter main circuit by detect- so 
ing a frequency variation generated in ttie inverter out- 
put when the inverter main circuit Is dissociated from tiie 
altemating cunrent power system and enters into ttie 
islanding operation state or a variation attributed to ttie 
frequency variation, the inverter apparatus comprising: 55 

a distortion Imparting system for imparting a distor- 
tion for causing a variation in an output frequency of 
the Inverter main circuit in an islanding operation 



stage. 

According to ttie present invention, ttte inverter out- 
put wavefam is provided witfi ttie distortion for causing 
tine variation in tfie output frequency when the inverter 
apparatus is in ttie islanding operation stage. Therefore, 
a frequency variation is surely generated in the inverter 
output when ttie inverter apparatus is disconnected 
from the AC power system even when the power factor 
of the load impedance of ttie inverter output is proxi- 
mate to one. 

In an embodiment, ttie distortion imparting system 
imparts the distortion to tiie zero-crossing point and its 
proximity. 

According to the above embocBment. the distortion 
is given to the zero-crossing point and its proximity of 
ttie inverter output waveform, and ttierefore. ttie fre- 
quency variation is surely generated in ttie inverter out- 
put. 

In an embodiment, ttie distortion imparting system 
intermittentiy provides a distortion non-impartation 
period. 

According to the above embodiment, the distortion 
non-impartation period is intermittentiy provided. There- 
fore, in ttie normal operating state of the inverter appa- 
ratus, i.e., in ttie state in which ttie inverter apparatus is 
operating at a rated frequency in liaison witti the AC 
power system, ttie distortion scarcely influences ttie 
load supply voltage. 

In an embodiment, ttie distortion Imparting system 
imparts to an inverter output waveform a distortion 
which causes a zero output level in a specified interval 
ttiat temfilnates at ttie zero-crossing point. 

According to the above embodiment, a zero-cross- 
ing point detection timing of ttie inverter output wave- 
form is advanced when the inverter apparatus is 
disconnected from the AC power system, and the fre- 
quency of the Inverter output to be sut^ected to wave- 
form control in synchronization with this timing 
increases. 

In an embodiment, ttie distortion imparting system 
imparts to an inverter output waveform a distortion 
which yields an output on a descending side of ttie 
waveform extending from a peak of ttie waveform to ttie 
zero-crossing point 

According to the above embodiment, ttie zero- 
aossing point detection timing of ttie inverter output 
waveform is retarded when the inverter apparatus is dis- 
connected from ttie AC power system, and the fre- 
quency of the inverter output to be subjected to 
waveform control in synchronization witti this timing 
decreases. 

In an embodiment, the distortion imparting system 
imparts to an inverter output waveform a distortion 
which causes a zero output level in a specified interval 
including ttie zero-crossing point and its botti sides. 

According to the above embodiment, ttie zero- 
aossing point detection timing of ttie inverter output 
waveform Is varied when the inverter apparatus is dis- 
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connected from the AC power system, and the fre- 
quency of the inverter output to be subjected to 
waveform control in synchronization with this timing var- 
ies. 

In an embodiment, the distortion imparting system 
imparts to an inverter output waveform a distortion 
which yields outputs respectively increased into wave 
peak sides of the waveform in both sides of the zero- 
crossing poirrt. 

According to the above embodiment, the zero- 
crossing point detection timing of the inverter output 
waveform is retarded when the inverter apparatus is dis- 
connected from the AC power system, and the fre- 
quency of the inverter output to be subjected to 
waveform control in synchronization with this timing 
decreases. 

In an embodiment, the distortion imparting system 
alternately repetitively inparts to an inverter output 
waveform a first distortion which causes tiie output fre- 
quency of the inverter main circuit to increase in the 
islanding operation stage and a second distortion which 
causes the output frequency of the inverter main circuit 
to deaease in the islanding operation stage. 

The above enijodiment has the following effects. 
That is. the inverter output frequency in the islanding 
operation stage is also influenced by tiie type of the load 
connected to the inverter apparatus. The inverter output 
frequency increases when the load is an inductive load, 
and the inverter output frequency decreases when the 
load is a capacltive load. Therefore, in the case where 
the amount of the frequency variation due to the distor- 
tion imparting system and the amount of the frequency 
variation due to the load have absolute values equiva- 
lent to each otfier and opposite directions of variation or 
in a similar case, tiie frequency variation due to tiie dis- 
tortion imparling system and the frequency variation 
due to the load sometimes cancel each other, tiierefbre 
hardly causing a frequency variation. 

However, according to ttie present embodiment, tiie 
first distortion and tiie second distortion are alternately 
imparted to tiie inverter output, and therefore, the 
inverter output frequency alternately increases and 
decreases repetitively. Accordingly, even tfiough the fre- 
quency varying effect due to the distortion imparting 
system and the frequency varying effect due to the load 
cancel each otfier in a certain period, they stop cancel- 
ling each other in the next period, and therefore, the 
inverter output frequency surely varies. 

Also, tiie present invention provides an inverter 
apparatus having: an inverter main circuit for converting 
an output of a direct current power source into an alter- 
nating current and supplying the altemating current to a 
load in interconnection with an alternating cun-ent power 
system; an inverter control system for controlling tiie 
converting operation into the alternating current of the 
inverter main drcuit by waveform conti-ol synchronized 
with a zero^rossing point of an inverter output; and an 
islanding operation detecting system for detecting an 
islanding operation of tiie inverter main circuit by detect- 



ing a frequency variation generated in tiie inverter out- 
put when the inverter main circuit is dissociated from tiie 
alternating current power system and enters into tiie 
islanding operation state or a variation attributed to tiie 
5 frequency variation, tiie inverter apparatus comprising: 

a distortion imparting system for imparting a distor- 
tion to an inverter output waveform so ttiat an 
inverter output frequency varies in a positive feed- 
back loop according to tiie frequency variation of 
tiie inverter output. 

According to the invention, a distortion is imparted 
to the inverter output waveform so ttiat the inverter out- 
15 put frequency varies in a positive feedback loop accord- 
ing to ttie frequency variation of ttie inverter output and 
tiierefore. tiie inverter output frequency varies speedily. 

An embodiment comprises a gain adjusting system 
for increasing a gain of the positive feedback loop of tiie 
20 distortion imparting system when the islanding opera- 
tion detecting system detects an event that ttie inverter 
output frequency is staying in an abnormal frequency 
region. 

According to ttie above embodiment, when tiie 

25 islanding operation detecting system detects the event 
that tiie inverter output frequency is staying in ttie 
abnormal frequency region, the gain adjusting system 
inaeases the gain of ttie positive feedback loop of ttie 
distortion imparting system, and therefore, ttie inverter 

30 output frequency varies more speedily 

In an emljodiment, the distortion imparting system 
has a dead band in ttie positive feedback loop at and 
around a rated frequency, and altemately repetitively 
imparts in the dead band to the inverter output wave- 

35 form a first distortion which causes tiie output frequency 
of ttie inverter main circuit to increase in ttie islanding 
operation stage and a second cfistortion which causes 
ttie output frequency of ttie inverter main circuit to 
decrease in ttie islanding operation stage. 

40 According to tiie above embodiment, tiie first distor- 
tion and ttie second distortion are alternately inrparted 
to the inverter output in tiie dead band. Therefore, ttie 
inverter output frequency alternately increases and 
decreases repetitively even in the dead band in which 

45 ttie frequency is stabilized, so tiiat ttie frequency shifts 
into ttie region in which a frequency variation occurs in 
ttie poative feedback loop. Therefore, in ttie islanding 
operation, ttie frequency comes to vary speedily even 
tiiough the inverter output frequency is wittiin the dead 

50 band. 

In an embodiment, ttie inverter confarol system 
forms PWM data ttirough pulse widtti modulation based 
on a component of an error between a current reference 
and the inverter output and consols the inverter output 
55 according to the formed PWM data, and 

ttie distortion imparting system imparts a distortion 
to tiie current reference to impart ttie distortion to 
ttie inverter output waveform. 
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According to the above emtxxiiment. in the pulse 
width modulation based on the error component 
between the current reference and the inverter output, 
the above distortion is imparled to the current reference. 
By this operation, a distortion is generated also in the 5 
PWM data formed through the pulse width modulation. 
In the islanding operation stage, a variation is surely 
generated in the inverter output frequency due to a dis- 
tortion generated in the PWM data. 

In an embodiment, the inverter control system 10 
forms PWM data through pulse width modulation based 
on a component of an error between a current reference 
and the inverter output and controls the inverter output 
according to the formed PWM data, and 

15 

the distortion imparting system imparts a distortion 
to the PWM data to impart the distortion to the 
inverter output waveform. 

According to the above embodimait, the distortion 20 
imparting system directly imparts the distortion to the 
PWM data and therelbre, a variation is speedily gener- 
ated in the inverter output frequency. 

An embodiment comprises an output reducing sys- 
tem for reducing the inverter output when the islanding 2s 
operation detecting system detects an event tiiat the 
inverter output frequency is deviated from the rated fre- 
quency. 

According to the above embodiment the inverter 
output is reduced when the inverter output frequency is 30 
deviated from the rated frequency, and therefore, the 
variation of the inverter output frequency is promoted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

The present invention will become more fully under- 
stood from the detailed description given hereirA)elow 
and the accompanying drawings which are given by way 
of illustration only, and thus are not limitative of tiie 
present invention, and wheran: 40 

Fig. 1 is a block diagram showing the construction 
of an inverter apparatus according to a first embod- 
iment of the present invention; 
Figs. 2A. 2B and 2C are graphs showing apparent 45 
waveform patterns of integral data in the inverter 
apparatus of the first embodiment; 
Figs. 3A, 3B and 3C are graphs showing waveform 
patterns of the inverter output controlled on the 
basis of the integral data shown in Figs. 2A. 2B and so 
2C: ' 

Fig. 4 is a graph showing a relation between a 
spedfied interval a and a load supply voltage fre- 
quency; 

Fig. 5 is a block diagram showing the construction ss 

of an inverter apparatus according to a second 

embodiment of the present invention; 

Fig. 6 is a chart for explaining how to distort PWM 

data; 



Fig. 7 is a chart showing a first example of the 
apparent waveform of the PWM data; 
Rg. 8 is a chart showing a second exanple of the 
apparent waveform of the PWM data; 
Fig. 9 is a chart showing a third example of tiie 
apparent waveform of the PWM data; 
Rg. 10 is a chart showing a fourth example of the 
apparent waveform of the PWM data; 
Rg. 1 1 is a chart showing an example of the varia- 
tion of the inverter output frequency; 
Rg. 12 is a graph showing an example of the posi- 
tive feedback loop to be used for controlling the 
inverter output frequency; 

Rg. 13 is a graph showing a measurement result of 
an islanding operation detecting operation of the 
inverter apparatus of the present invention; 
Rg. 14 is a btock diagram showing the construction 
of a background art inverter apparatus; and 
Rgs. 15A and 15B are graphs showing relations of 
tiie amplitude and phase of a cun-ent reference sig- 
nal relative to the load supply voltage. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of tfie present invention will 
be desaibed in detail below witii reference to tine 
acconpanying drawings. 

(First Embodiment) 

Rg. 1 is a block diagram showing tiie consfa-uction 
of an inverter apparatus 1 according to a first embodi- 
ment of the present invention. The inverter apparatus 1 
comprises: an inverter main circuit 4 which converts a 
DC power inputted from a DC power source 2 into an 
AC power and supplies it to a load 3; a voltage detector 
5 which detects a load siisply voltage Vq supplied to the 
toad 3; a zero-aossing detector circuit 6 which gener- 
ates an output synchronization signal Vs based on tiie 
foad supply voltage Vq; a current detector 7 which 
detects an output current Iq of an AC output (refen-ed to 
as an inverter output hereinafter) of tiie inverter main 
drcuit 4; an A/D converter 8 whfoh subjects the output 
current Iq to an analog-to-digital conversion process; a 
DSP (Digital Signal Processor) 9 which subjects the 
inverter main circuit 4 to PWM (Pulse Width Modulation) 
control on ttie basis of the output current Iq and ttie out- 
put synchronization signal Vs; a voltage abnomnality 
detector circuit 10 which detects a voltage abnomiality 
of tiie toad supply voltage Vq supplied to the foad 3; a 
timer counter drcuit 1 1 which generates a gate pulse 
signal Gp based on PWM data outputted from ttie DSP 
9; and a gate drive drcuit 12 which executes switching 
control of switching elements (not shown) of the inverter 
main drcuit 4 based on ttie gate pulse signal Gp: 
Between the inverter main drcuit 4 and ttie load 3 is pro* 
vkJed a filter 15 which is comprised of a reactor 13 and 
a capadtor 14 and removes a high-frequency oompo- 
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nent of the inverter output. 

The load 3 Is further supplied with an AC power 
from an AC power system 16 via a breaker 17 and a 
pole transformer 18 independently of the inverter appa- 
ratus 1 . and the inverter apparatus 1 is operated in inter- s 
connection with the AC power system 16. 

The above DSP 9 comprises: a current reference 
waveform memory 1 9 which stores therein cunrent refer- 
ence waveform data Wt,; a multiplying section 20 which 
successively reads the cunrent reference waveform data io 
Wb from the current reference waveform memory 19 
and generates a cun-ent reference signal Ic by multiply- 
ing it by an output command signal Vc; an error signal 
generating section 21 which generates a current error 
signal e by calculating an error between the output cur- is 
rent Iq and the current reference signal Ic; an error 
waveform pattern integral circuit 22 which executes a 
waveform pattern integration process of the current 
error signal e with the cyde of the output synchroniza- 
tion signal Vs being one interval; a PWM processor dr- 20 
cuit 23 which generate a PWM data Dp by processing 
integral data e' outputted from the error waveform pat- 
tern Integral circuit 22 for a pulse width modulation proc- 
ess; a PWM memory 24 which stores therein the PWM 
data Dp; and a zero-crossing cyde detection processor 25 
drcutt 25 which calculates the frequency of tiie load 
supply voltage compares the frequency with a 
threshold value so as to output a frequency abnormality 
signal representing the frequency abnormality of the 
load supply voltage Vq and outputs a non-integral inter- 30 
val des'gnation signal B. 

The operation of tiiis inverter apparatus will be 
described below in sequence. The output curent Iq of 
the inverter output detected by the current detector 7 is 
subjected to an analog-to-digital conversion process by 35 
the A/D converter 8 and then inputted to the error signal 
generating section 21. 

On the other hand, the load supply voltage Vq 
detected by the voltage detector 5 is inputted to tfie 
zero-crossing detector drcuit 6. The zero-crossing 40 
detector circuit 6 detects the zero-crossing of the input- 
ted load supply voltage Vq. generates the output syn- 
chronization signal Vs based on the zero-crossing and 
outputs the signal to the current reference waveform 
memory 19. The current reference waveform memory 45 
19 reads the stored current reference waveform data 
Wb in synchronization with tfie inputted output synchro- 
nization signal Vs and outputs the data to the multiply- 
ing section 20. The multiplying section 20 generates the 
current reference signal Ic by multiplying the inputted so 
current reference waveform data W^ by the output com- 
mand signal Vc and outputs the signal to the error signal 
generating section 21. 

The en-or signal generating section 21 which 
receives the output current Iq and the current reference ss 
signal Ic generates the cun^ent error signal e that is the 
error between the output current Iq and the cun-ent ref- 
erence signal Ic and outputs tfie signal to the error 
waveform pattern integral drcuit 22. The error waveform 



pattern Integral circuit 22 receives the output synchroni- 
zation signal Vs from the zero-aossing detector circuit 
6, and the error waveform pattern integral drcuit 22 inte- 
grates the waveform pattern of tiie current error signal e 
witii the cycle of the output synchronization signal Vs 
served as one interval. The thus generated integral data 
e' is stored into the en^or waveform pattern integral dr- 
cuit 22 for use in an integral calculation in the next sam- 
pling stage, and rt is also outputted to the PWM 
processor drcuit 23. 

The PWM processor drcuit 23 subjects the inputted 
integral data e' to a pulse width modulation process for 
generating the PWM data Dp and ttien stores tiie PWM 
data Dp into the PWM memory 24. The PWM memory 
24 outputs every sampling time the PWM data Dp to tiie 
timer counter drcuit 1 1 in synchronization witti the out- 
put synchronization signal Vs inputted from the zero- 
aossing detector drcuit 6. 

The timer counter drcuit 1 1 generates a gate pulse 
signal Gp based on tiie PWM data Dp generated 
aooording to the aforementioned procedure in the DSP 
9 and outputs the signal Gp to the gate drive drcuit 1 2. 
The gate drive circuit 12 switchlngly controls the switch- 
ing elements (not shown) of tiie inverter main circuit 4 
based on the inputted gate pulse signal Gp. thereby 
driving the inverter main drcuit 4. 

This inverter apparatus 1 detects the islanding 
operation state as follows upon entering tiie islanding 
operation state due to a power failure of the AC power 
system 16 or the like, stopping the inverter output. That 
is, when tfie inverter apparatus 1 enters into ttie island- 
ing operation state in a state In which tiie reactive power 
supplied from the inverter apparatus 1 and the reactive 
power required by tiie load 3 are not coinciding witti 
each other, tiie frequency of tiie load supply voltage Vq 
(which becomes equal to tiie invert©* output in ttie 
islanding operation state) varies from tiie rated fre- 
quency (50/60 Hz). In accordance with which the volt- 
age value of the load supply voltage Vq varies. 
Therefore, the voltage abnormality detector drcuit 10 
compares the load supply voKage Vq witii a tiireshold 
value so as to detect whetiier or not the load supply volt- 
age Vq has an abnormality. When an excessive voltage 
abnormality or an Insuffident voltage abnonnality 
occurs In tiie load supply voltage Vq. a voltage abnor- 
mality signal Ve is outputted to the gate drive drcuit 1 2. 
Further, the zero-crossing cycle detection processor dr- 
cuit 25 detects the frequency of ttie load supply voltage 
Vq and compares ttie detected frequency of the load 
supply voltage Vq with a rated frequency f© so as to cal- 
culate a deviation from each ottier. When ttie calculated 
deviation exceeds a predetennined ttireshold value, ttie 
frequency abnormality signal F« is outputted to ttie gate 
drive circuit 12. 

When the voltage abnormality signal V^ or ttie fre- 
quency abnormality signal Fe is inputted to ttie gate 
drive drcuit 12. ttie gate drive drcuit 12 decides ttiat 
Inverter apparatus has entered into ttie islanding opera- 
tion state and stops ttie switching conti'ol of ttie inverter 
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main circuit 4, by which the inverter main circurt 4 stops 
outputting the inverter output 

An operation characteristic of this inverter appara- 
tus 1 will be described next. When the inverter appara- 
tus 1 enters into the islanding operation state in a stale s 
in which the reactive power supplied from the inverter 
apparatus 1 and the reactive power required by the load 
3 are approximately coindding with each other (when 
the power factor of the load impedance is proximate to 
one), the frequency of the load supply voltage Vq io 
scarcely varies. Consequently, the abnormality of the 
load supply voltage Vq can be detected neither by the 
voltage abnormality detector circuit 10 nor the zero- 
crossing cycle detection processor circuit 25. Ther^ore, 
this inverter apparatus 1 imparts a distortion as is 
descrtoed below to the integral data e' of the error wave- 
fam pattern e to generate a variation in the frequency of 
the load supply voltage Vq in the islanding operation 
state regardless of the power factor of the load imped- 
ance, thereby surely detecting the islanding operation 20 
state. The impartation of the distortion will be described 
in detail below. 

The zero-aossing cycle detection processor circuit 
25 imparts a non-integral interval designation signal B 
to the en'or waveform pattern integral circuit 22. The 25 
non-integral Inten^al designation signal B is a signal for 
executing a designation as follows. That is. the non-inte- 
gral interval designation signal B is a command signal 
for designating a specified interval a of the waveform 
pattern of the integral data e* and zeroing the output in 30 
the specified Interval a. In this case, the specified inter- 
val a is an interval provided within a waveform pattern 
half cyde with the zero-crossing point located at the ter- 
minal end of the interval. 

The operation of the error waveform pattern integral 35 
circuit 22 which receives the non-integral interval desig- 
nation signal B will be desaibed with reference to Figs. 
2A, 2B. 2C. 3A. SB and 3C. Figs. 2A, 2B and 2C are 
examples of the integral data e\ while Figs. 3A. 3B and 
dC are exemplified waveform patterns of the inverter 40 
output generated on the basis of the integral data e' 
shown in Rgs. 2A. 2B and 2C. Further, Figs. 2A, 2B, 2C. 
3A, 3B and 3C are data of a half cyde, and the number 
of pieces of data at the rated frequency is set to 300 in 
Figs. 2A.2B and 2C. 45 

When the inverter output is maintaining the rated 
frequency fo the wavefonn pattern of the Integral data 
e' in the preceding cycle stored in the en^or waveform 
pattern integral drcuit 22 comes to have, for example, a 
sine wavefonn having a cyde Tq as shown in Rg. 2A. so 
Further, a cycle waveform of the inverter output gener- 
ated on the basis of the integral data e' having this sine 
waveform also comes to have a sine wavefomi having a 
cyde To as shown in Fig. 3A. 

In this case, the error waveform pattern Integral dr- ss 
cult 22 into which the non-integral interval designation 
signal 6 is inputted from the zero-aossing cyde detec- 
tion processor drcuit 25 outputs integral data e' as 
shown in Rg. 2B where the integral data in the specified 



interval a designated by the non-integral inten^il desig- 
nation signal B of the integral data e' having the cyde Tq 
is zeroed. The apparent cyde of the Integral data e' Is 
shorter than the cyde of the rated frequency fo There- 
fore, when the Inverter main drcuit 4 generates an 
inverter output based on this integral data e'. the detec- 
tion timing of the zero-aossing point is advanced ty the 
interval a. and consequently, the cyde becomes T^ that 
is slightiy shorter than the cyde Tq as shown in Fig. 3B, 
so that the frequency of the inverter output is slightly 
inaeased. 

Furth©-, when an inverter output having a fre- 
quency con^esponding to the cyde T^ is output, the en-or 
waveform pattern integral circuit 22 outputs integral 
data e' shown in Fig. 2C where the integral data in the 
specified inten^l a designated by the non-integral Inter- 
val designation signal B is zeroed. The apparent cyde 
of this integral data e' is made shorter than the period 

Therefore, when the inverter output is generated on 
the basis of this integral data e*. the detection timing of 
the zero-crossing point is further advanced by the inter- 
val a. and consequently, its cyde becomes Tg that is 
shorter than T^ as shown In Fig. 3C. so that the fre- 
quency of the Inverter output is further slightly 
inaeased. In the above manner, the frequency of the 
inverter output will gradually increase. 

The atove frequency variation occurs even when 
the power factor of the lo^ impedance is approximately 
one. Therefore, by detecting such a frequency variation 
or a voltage variation attendant on the frequency varia- 
tion by the zero-aossing cyde detection processa cir- 
cuit 25 or the voltage abnormality detector drcuit 10, the 
islanding operation is surely detected. It is to be noted 
that the length of the specified interval a is adjusted by 
tiie zero-crossing cyde of the load supply voltage Vq. 

Furth^. such a frequency variation occurs only 
when the inverter apparatus 1 is in the islanding opera- 
tion. When the inverter apparatus 1 is operating in Inter- 
connection with the AC power system 16, the frequency 
variation does not occur since the frequency of the load 
supply voltage Vq is maintained on the AC power sys- 
tem 16 side. 

The zero-crossing cyde detection processor drcuit 
25 varies ttie length of the specified interval a in which 
the integral data e' is zeroed as fdiows. That is. as 
shown In Fig. 4. tiie length of the specified interval a is 
reduced when the frequency of the load supply voltage 
Vq in the islanding operation stage is in the proximity of 
the rated frequency fo. and the specified interval a is 
inaeased according as the frequency of the inverts- 
output deviates from the rated frequency fo Witii this 
arrangement the distortion oocunring in the load supply 
voltage Vq is reduced in the interval in which the linkage 
with the AC power system 16 is maintained, and the fre- 
quency variation of tiie inverter output is accelerated 
when the inverter apparatus is dissociated from the sys- 
tem and put in the Islanding operation state, thereby fur- 
ther ensuring the detection of the islanding operation 
state. 
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In the zero-crossing cyde detection processor dr- 
curt 25. the specified interval a is made to return to zero 
when the frequency of the load supply voltage Vq in the 
islanding operation state reaches an upper limit value f^ 
similarly as shown in Fig. 4. With this arrangement, 
when the frequency of the inverter output reaches in 
the islanding operation stage, the specified interval a is 
zeroed to prevent the upper frequency from increasing 
In excess of f^. by which a possible frequency diver- 
gence is prevented. 

Further, in the zero-aossing cycle detection proc- 
essor circuit 25, the value of the integral data e' is 
reduced at a specified rate when the frequency of the 
load si|)ply voltage Vq is deviated from the rated fre- 
quency fo of the AC power system, thereby redudng the 
inverter output. By this operation, in the islanding oper- 
ation stage, the frequency variation of the inverter out- 
put is promoted for advancing the detection of the 
islanding operation and safely stopping the operation of 
the inverter apparatus 1 . 

(Second Embodiment) 

Fig, 5 is a block diagram showing the construction 
of an inverter apparatus 30 according to a second 
embodiment of the present invention. The inverter 
apparatus 30 basically has a construction similar to that 
of the inverter apparatus 1 of the first embodiment. 
Therefore, the same or similar components are denoted 
by the same reference numerals, and no description is 
provided for them since r^erence should be made to 
the description of the first embodiment. 

This inverter apparatus 30 is characterized by the 
construction of a zero-crossing cycle detection proces- 
sor drcuit 31 in a DSP 39 for imparting a distortion to 
the inverter output That is, this zero-crossing cyde 
detection processor drcuit 31 outputs a read address 
designation signal C to the PWM memory 24 in addition 
to the calculation of the frequency of the load supply 
voltage Vq and the outputting of the frequency abnor- 
mality signal F^ that is obtained by comparing the fre- 
quency with a threshold value and represents the 
frequency abnormality of the load supply voltage Vq. 
The zero-crossing cyde detection processor drcuit 25 
of the first embodiment outputs the non-integral interval 
designation signal B to the en^or waveform pattern inte- 
gral drcuH 22. In this point, they are different from each 
other. 

The operation characteristic of this inverter appara- 
tus 30 will be descrtoed next. When the inverter appara- 
tus 30 enters into the islanding operation state in a state 
In which the reactive power supplied from the inverter 
apparatus 30 and the reactive power required by the 
load 3 are approximately coinciding with each other 
{when the power factor of the load impedance is proxi- 
mate to one), the frequency of the load supply voltage 
Vq scarcely varies. Consequently, the abnormality of 
the load supply voltage Vq can be detected neither by 
the voltage abnormality detector drcuit 10 nor the zero- 



crossing cyde detection processor drcuit 31 . Therefore, 
this inverter apparatus 30 generates a variation in the 
fi'equency of the load supply voltage Vq in the islanding 
operation state regardless of the power factor of the 
5 load impedance by imparting a distortbn as described 
below to PWr^ data Dp outputted from the PWM mem- 
ory 24, thereby surely detecting the islanding operation 
state. The impartation of the distortion will be described 
in detail below 

10 The read address designation signal C given from 
the zero-crossing cyde detection processor circuit 3 1 to 
the PWM memory 24 is a signal for executing the follow- 
ing designation. That is. as shown in Fig. 6, the read 
address designation signal C imparts a distortion to the 

15 PWM data Dp' read from the PWM memory 24 by 
changing every zero-crossing cyde a growth rate 
(QLrate) of a count value (g_count) of a counter for read- 
ing use provided in the zero-crossing cyde detection 
processor drcuit 31 in reading the PWM data Dp. 

20 That is. assuming that the read address of the 
PWM data Dp is m. the sampling number in a haH cyde 
is N. a discrete time is n. and the PWM data Dp' taken 
out of the PWM memory 24 at the disaete time n is Y(n). 
then the read address designation signal C is an 

25 address designation signal satisfying the equations as 
follows: 

m = int(g_rate x gLCount) (1) 
30 g_count = n mod N (2) 

Y(n)=Dp^ = Dp' (3) 

where n mod N represents a remainder obtained by 

35 dividing n by N, and int(gLrate x g_count) represents 
the integer part of (g_fate x g_count). 

"me PWM data Dp* read from the PWM memory 24 
based on the thus set read address designation signal 
C is inputted to the timer counter drcuit 1 1 . Then, based 

40 on this PWM data Dp', the timer counter drcuit 1 1 gen- 
erates a gate pulse signal Op' and outputs the signal to 
the gate drive circuit 1 2. The gate drive drcuit 1 2 switch- 
ingly controls the inverter main circuit 4 by the inputted 
gate pulse signal Gp'. 

45 In this case, when g_rate > 1 . a distortion for zero- 
ing the output in a spedfied interval p which terminates 
at the zero-crossing point as indicated by the solid line 
in Fig. 7 is imparted to the inverter output waveform, so 
ttiat the apparent cyde T3 of the PWM data Dp is made 

50 Shorter than ttie cyde Tq of the rated frequency f©. 
When the inverter output is generated on the basis of 
this PWM data Dp', the detection timing of the zero- 
crossing point is advanced by the interval p. Conse- 
quently, the frequency of the inverter output is made 

55 greater than the rated frequency fo 

When gyrate < 1 , a distortion for outputting a spec- 
ified output on the descending waveform path side 
which transits from a wave peak to the zero^rossing 
point as indicated by the solid line in Rg. 8 is imparted 
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to the inverter output waveform, so that the apparent 
half cycle T4 of the PWM data Dp' is made longer than 
the cyde Tq of the rated frequency f©. When the inverter 
output is generated on the basis of this PWM data Dp', 
the detection timing of the zero-crossing point is 5 
retarded by virtue of the prolongation of the apparent 
hatf cyde T4. Consequently, the frequency of the 
inverter output is made smaller than the rated frequency 
to- 

Such a frequency variation occurs even when the 10 
power factor of the load impedance is approximately 
one. Therefae, by detecting such a frequency variation 
or the voltage variation attendant on the frequency vari- 
ation by the zero-crossing cycle detection processor dr- 
cuit 31 or the voftage abnormality detector circuit 10. the is 
islanding operation is surely detected. 

The way of distorting the inverter output wavefomi 
by the inverter apparatus 30 may be achieved by distort- 
ing the inverter output waveform so that a zero output 
level is achieved in a specified interval 7 including the 20 
zero-crossing pdnt and its both sides as indicated by 
the solid line in Rg. 9 instead of the ways shown in Rgs. 
7 and 8. With this arrangement, the apparent half cyde 
T5 of the PWM data Dp' is made shorter than the half 
cyde To of the rated frequency fo- Consequently, the 25 
frequency of the inverter output (load supply voltage Vq) 
varies from the rated frequency fo- 

Further, as indicated by the solid line in Rg. 10. the 
inverter output waveform may be distorted so that H has 
a high level and a low level in the proximity of both sides 30 
of the zero-crossing point. With this arrangement, the 
apparent half cyde Tg of the PWM data Dp is made 
longer than the half cycle Tq of the rated frequency fo- 
Consequently, the frequency of the inverter output var- 
ies from the rated frequency f^ 35 

In order to distort the inverter output waveform as 
shown in Figs. 9 and 10. it is proper to change the func- 
tion for designating the read address of the read 
address designation signal C. It is to be noted that the 
solid line indicates the apparent output waveform of the 40 
PWM data Dp' and the dotted line indicates the output 
waveform of the rated frequency f© in each of Rgs. 7 
through 10. 

The firequency of the inverter output when the 
inverter apparatus 30 Is in the islanding operation is 45 
also influenced by the type of the load 3 connected to 
the inverter apparatus 30. When the load 3 is an induc- 
tive load, the inverter output frequency in the islanding 
operation stage increases. When the load 3 is a capac- 
itive load, the inverter output frequency in the islanding so 
operation stage decreases. Therefae. in the case 
where the amount of frequency variation due to the 
inpartation of the distortion to the inverter output wave- 
fam and the amount of frequency variation due to the 
load 3 have absolute values equivalent to each other ss 
and opposite diredions of variation or in a similar case, 
the frequency variation due to the impartation of the dis- 
tortion and the frequency variation due to the load 3 
sometimes cancel each other, therefore hardly causing 



a frequency variation. 

To cope with the above, this inverter apparatus 30 
can increase or decrease the inverter output frequency 
relative to the rated frequency fo depending on how the 
increase rate (gyrate) of the count value (gLCOunt) of 
the counter for taking out data in the zero-crossing cyde 
detection processor drcuit 31 is set as described above. 
Therefore, in the zero-crossing cyde detection proces- 
sor drcuit 31 of the inverter apparatus 30, as shown in 
Rg. 1 1, a period Ml in which a first distortion (see Rg. 
7) for causing the inverter output frequency to inaease 
by a specified variation width Af is imparted and an 
interval M2 in which a second distortion (see Rg. 8) for 
causing the inverter output frequency to decrease by a 
specified variation width Af Is Imparled are set alter- 
nately repetitively Therefore, the inverter output fre- 
quency alternately repeats the increase and deaease. 
Even when ttie frequency varying effect due to tiie 
impartation of tiie distortion and the frequency varying 
effect due to the load 3 cancel each other in a certain 
period M1 (M2). they stop cancelling each other in the 
next period M2 (Ml), so that the inverter output fre- 
quency surely varies. Therefore, the islanding operation 
state is surely detected regardless of the power balance 
with resped to the load 3. 

Furthermore, in the zero-crossing cyde detection 
processor circuit 31 of this inverter apparatus 30. a dis- 
tortion non-inpartation period M3 in which the rated fire- 
quency fo is maintained is provided between the period 
Ml in which the first distortion is Imparted and tiie 
period M2 in which the second distortion is imparted. 
With this arrangement a distortion hardly occurs in the 
foad supply voltage Vq in tiie normal operating state of 
the inverter apparatus 30, i.e., in the state in which the 
inverter apparatus is operating at the rated frequency fo 
in interconnection with the AC power system 16. 

As the periods Ml and M2 In which the first and 
second distortions are inparted, for example, seven 
cycles of tiie inverter output frequency are appropriate. 
As tiie distortion non-impartation period M3. tiiree 
cycles of the inverter output frequency are appropriate. 
As tiie variation widtfi Af. for exanple, ±0.2 Hz is appro- 
priate. However, these values are mere examples, and 
tiierefbre. it is a matter of course that ttie variation widtii 
Af of ttie periods M1. M2 and M3 may have anottier 
value. Furtiiermore. it is a matter of course ttiat ttie dis- 
tortion non-impartation period M3 produces a similar 
effect when it is set in ttie inverter apparatus 1 of ttie first 
embodiment. 

Furthermore, ttiis inverter apparatus 30 contrds tiie 
inverter output so ttiat a positive feedback foop is 
formed as shown In Fig. 12. In Rg. 12. ttie axis of 
abscissas represents the output frequency (corre- 
sponding to ttie frequency of ttie inverter output in ttie 
islanding operation stage of ttie inverter apparatus 30) 
F,n of the load supply voltage Vq detected by the zero- 
crossing cycle detection processor drcuit 31. while ttie 
axis of ordinates represents ttie apparent frequency 
Fout C3f ttie PWM data Dp . As is evident from tttis figure. 
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the inverter apparatus 30 (concretely the zero-crossing 
cyde detection processor drcuit 31) divides the fre- 
quendes of the load supply voltage Vq into a dead band 
K that is a specified frequency period (for example, a 
period of 10.2 Hz is appropriate, however, the period is f 
not limitative) extending in t)oth sides of the rated fre- 
quency fo. a positive side abnormal frequency region 
that is a frequency region higher than the dead band K 
and a negative side abnormal frequency region L* ttiat is 
a frequency region lower than the dead band K. 

Then, in the dead band K, the period M1 in which 
the first distortion (see Fig. 7) for increasing the inverter 
output frequency shown in Rg. 1 1 is imparted, the dis- 
tortion nonnmpartation period M3 and the period M2 in 
which the second distortion (see Rg. 8) for decreasing is 
the inverter output frequency is imparted are sequen- 
tially alternately set in the dead band K. Furthermore, in 
the abnormal frequency region L^. the apparent fre- 
quency Fou, of the PWM data Dp formed on the basis of 
the frequency Fjp of the load supply voltage Vq is made 20 
higher than the output frequency Fj„. Then, this opera- 
tion is repeated. Therefore, in this abnormal frequency 
region L*, the PWM data Dp* is gens-ated in a positive 
feedback loop and used for executing the inverter con- 
trol. Furthermore, in the abnormal frequency region L*. 25 
the PWM data Dp is generated and used for executing 
the inverter control while fonning a positive feedback 
loop such that the apparent frequency Fo^j of the PWM 
data Dp' formed on the basis of the frequency Fj^ of the 
load supply voltage Vq is made lower than the output 30 
frequency Fjn- The above control is executed by chang- 
ing ttie function for designating the read address of the 
read address designation signal C based on the load 
supply voltage Vq. 

By executing the above control, a frequency varia- 3S 
tion rapidly occurs in the frequency of the load supply 
voltage Vq in the islanding operation stage. Tliat is. the 
power factor of the load Impedance is approximately 
one in tiie islanding operation stage of the inverter 
apparatus 30. Therefore, although the load supply vdt- 40 
age Vq did not deviate from the dead band K in the con- 
ventional case, the imparted supply voltage deviates 
from the dead band K and shifts into the abnormal fre- 
quency region L* or L" by imparting the first distortion 
and the second distortion to the inverter output accord- 45 
ing to tills embodiment. When the load supply voltage 
Vq shifts into the abnormal frequency region L* or L", 
the frequency variation is accelerated as a conse- 
quence of the frequency control in the positive feedback 
loop. Therefore, when the inverter apparatus 30 starts so 
the islanding operation, tiie operation is speedily 
detected by the zero-crossing cycle detection processor 
drcuit 31 and the voltage abnormality detector drcuit 
10. 

Furtiienmore. in tiiis inverter apparatus 30. as ss 
shown in Fig. 12, vi/hen tiie frequency of the load supply 
voltage Vq stays in the abnormal frequency region L* or 
I', tiie slope of ttie positive feedback loop is changed so 
that the amount of variation of the apparent frequency 



F^y, relative to tiie output frequency Fj^ is increased. 
That is, by measuring tiie period in which the output fre- 
quency F^ is in the abnormal frequency regwn L* or L, 
the zero-crossing cyde detection processor drcuit 31 
executes the control of the apparent frequency Fout 
based on a straight line Pi having a relatively gradual 
slope when tiie output frequency Fj^ does not exceed a 
predetermined period (for example, a period of five 
cydes of Fjn is appropriate, however, this period is not 
limitative) or executes ttie control of the apparent fre- 
quency Foul on a straight line P2 having a rela- 
tively steep slope when the output frequency Fi^ 
exceeds tiie predetermined period. By tiiis operation, 
the frequency variation of the output frequency Fj^ that 
has shifted into the abnamal frequency region or L' 
can be appropriately accelerated, and when ttie inverter 
apparatus 30 starts the islanding operation, the island- 
ing operation can be trxxe speedily detected by ttie 
zero-crossing cycle detection processor drcuit 31 and 
tiie voltage abnomiality detector drcuit 10. 

Furthermore, as described above, it can be consid- 
ered that the frequency of the load supply voltage Vq 
may be varied by ttie effect on tiie load 3 side depend- 
ing on whetiier ttie toad 3 is an inductive load or a 
capadtive load or by a similar factor and ttie frequency 
variation due to the load 3 and the frequency variation 
due to ttie impartation of the distortion may cancel each 
otfier. If such a phenomenon occurs, the varying speed 
of ttie frequency of ttie load supply voltage Vq is made 
slow, to a disadvantage. However, as shown in Rg. 12. 
by virtue of the scheme of switching between the two 
straight lines PI and P2. even when ttie varying speed 
of ttie output frequency Is made slow through the can- 
cellation with the frequency variation due to the load 3 in 
ttie positive feedback conti'ol based on ttie straight line 
PI having the relatively gradual slope, the switching of 
ttie operation to the positive feedback control based on 
ttie straight line P2 having ttie relatively steep slope 
eliminates ttiis relation of cancellation, so that the output 
frequency varies greatly. 

Afthough ttie distortion is imparted to the PWM data 
Dp read from ttie PWM memory 24 in this inverter appa- 
ratus 30, it is ottieoAfise acceptable to impart a distortion 
to ttie cun-ent reference waveform data W^ taken out of 
ttie current reference waveform memory 19. In ttiis 
case, it is proper to output a read address designation 
signal con'esponding to ttie aforementioned read 
address designation signal C from the zero-crossing 
cyde detection processor drcuit 31 to ttie cun'ent refer- 
ence waveform memory 1 9. TTiis read address designa- 
tion signal is to impart ttie distortion to the current 
reference waveform data W^ tjy changing every zero* 
aossing cyde the increase rate (SLrate) of the count 
value (gLCOunt) of a counter fa reading use in reading 
ttie current reference waveform data W^. 

Rg. 13 shows a measurement result obtained by 
setting a condition such ttiat ttie load power is balanced 
witti respect to the inverter rated output (3 kW) or ttie 
balanced state collapses within a certain range (±300 
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W. ±300 Var) and measuring how much time is required 
for the inverter apparatus of the present invention to 
detect the islanding operation in the stage of a power 
failure of the AC power system 16. In Fig. 13. the bal- 
anced state and the state In which the balanced state is s 
collapsed are expressed by a difference between the 
inverter output and the load power, where the axis of 
ordinates represents the state of the active power. In 
this case, each value on the axis represents a value 
obtained by subtracting the load power from the inverter ^ 
output, and it is shown that the active power is balanced 
when the value on the axis represents zero and the bal- 
anced state is collapsed by the numerical value in the 
cases of the other values. On the other hand, the axis of 
abscissas represents the state of the reactive power, is 
The measurement was performed at each of the points 
(1) through (17) in Fig. 13, and the time required for the 
inverter apparatus of the present invention to start 
detecting the Islanding operation and then stop the 
operation Is entered beside each point. 20 

As is apparent from Fig. 13. it can be understood 
that the inverter apparatus of the present invention can 
surely detect the islanding operation either in the load 
balanced state (when the power factor of the load 
inverter is one) a in the proximity of the balanced state 25 
(when the power factor is proximate to one). 

According to the present invention, the distortion for 
causing a variation in the output frequency of the 
inverter apparatus in the islanding operation stage is 
imparted to the inverter output waveform. With this so 
arrangement even when the power factor of the load 
impedance of the inverter output is proximate to one, a 
frequency variation is surely generated in the inverter 
output when the inverter apparatus is disconnected 
from the AC power system. Therefore, by detecting this 35 
frequency variation, the islanding operation of the 
inverter apparatus can be surely detected regarcBess of 
the power balance with respect to the load. 

Furthennore, the distortion is merely imparted with- 
out detecting the distortion in contrast to the back- 40 
ground art, and the impartation of the distortion can be 
easily performed through software processing by DSP 
or the like. Therefore, the construction can be simplified 
by that much, allowing a cost reduction to be achieved. 

According to an embodiment, the distortion is 45 
imparted to the inverter output wavefbmi at the zero- 
crossing point and its proximity. With this anangement, 
the frequency variation of the inverter output is surely 
generated, thereby allowing the islanding operation 
state to be more surely detected by that much. so 

According to an embodiment, the distortion non- 
impartation period Is intermittently provkled. With this 
arrangement in the normal operating state of the 
inverter apparatus, i.e.. in the state in whrch the inverter 
apparatus is operating in interconnection with the AC ss 
power system, a distortion hardly occurs in the load 
supply voltage, thereby eliminating almost all the disad- 
vantages due to the impartation of the distortion in the 
nonnal operating stage in interconnection with the AC 



power system. 

According to an embodiment, the distortion which 
causes the zero output level in the specified period 
which terminates at the zero-crossing point is imparted 
to the inverter output waveform. With tNs arrangement, 
the frequency of the inverter output surely varies, and by 
detecting this frequency variation, the islanding opera- 
tion state can be speedily detected regardless of the 
power tHlance with respect to the k)ad. 

According to an embodiment, the distortion which 
yiekJs an output on a descending skJe of the waveform 
extending from a peak of the waveform to the zero- 
crossing point is imparted to the inverter output wave- 
form. With this arrangement, the frequency of the 
inverter output surely varies, and by detecting this fre- 
quency variation, the islanding operation state can be 
speedily detected regardless of the power balance with 
respect to the load. 

According to an embodiment, a distortk)n which 
causes a zero output level in a specified interval includ- 
ing the zero-aossing point and its both sides is 
imparted to the inverter output waveform. With this 
anrangement the frequency of the inverter output surely 
varies, and by detecting this frequency variatton, the 
islanding operation state can be speedily detected 
regardless of the power balance with respect to the 
toad. 

According to an embodiment, a distortion which 
yields outputs respectively increased into wave peak 
sides of the wavefbrm in both skjes of the zero-crossing 
point IS imparted to the inverter output waveform. With 
this arrangement, the frequency of the inverter output 
surely varies, and by detecting this frequency variatton, 
the islanding operation state can be speedily detected 
regardless of the power balance with respect to the 
k)ad. 

According to an embodiment, the Inverter output 
frequency is allowed to be increased and deaeased 
alternately repetitively. With this anrangement, the 
islanding operation state can be surely detected regard- 
less of the balance of the frequency variatton due to the 
impartatk>n of the distortion with the frequency variation 
due to the load. 

According to an embodiment, the distortion is 
inparted to the inverter output wavefbrm so that the 
inverter output frequency varies in the positive feedback 
k)op accading to the frequency variation of the inverter 
output. With this arrangement the inverter output fre- 
quency speedily varies, and this ensures the detection 
of the islanding operation state. 

According to an embodiment, when the islanding 
operation detecting system detects the event that the 
inverter output frequency is staying in the abnormal fre- 
quency region, the gain adjusting system increases the 
gain of the positive feedback loop of the distortion 
imparting system. With this arrangement the inverter 
output frequency varies more speedily, and this futher 
ensures the detection of the islanding operation state. 

According to an embodiment, the inverter output 
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frequency increases and decreases alternately repeti- 
tively even in the dead band, or the region in which the 
frequency is stabilized, so that it shifts into the region in 
which the frequency variation occurs in the positive 
feedback loop. Therefore, even when the inverter output 5 
frequency is located in the dead band in the initial stage, 
it is speedily detected, and this further ensures the 
detection of the islanding operation state. 

According to an embodiment by imparting a distor- 
tion to the cun-ent reference, a distortion is also gener- 10 
ated in the PWM data formed tiirough the pulse width 
nrKxJulation. In the islanding operation stage, a variation 
surely occurs in the inverter output frequency due to the 
distortion generated in the PWM data, and this fre- 
quency variation is detected. TTierefore. the detection of is 
the islanding operation is iur\h& ensured. 

According to an emtx)diment, the distortion inparl- 
ing system imparts a distortion directly to the PWM 
data. Therefore, a variation is speedily generated in the 
inverter output frequency, and tills further ensures tiie 20 
detection of the islanding operation state. 

According to an embodiment, the inverter output is 
reduced when the inverter output frequency is deviated 
from the rated frequency. With this arrangement, tiie 
variation of the inverter output frequency is promoted. 25 3, 
so that tiie detection of the islanding operation state is 
advanced, and the inverter apparatus that has entered 
in tiie islanding operation state can be safely stopped. 

The invention being thus described, it will be obvi- 
ous that the same may be varied in many ways. Such 30 4. 
variations are not to be regarded as a departure from 
the spirit and scope of ttie invention, and all such modi- 
fications as would be obvious to one sidlled in the art 
are intended to be included within tfie scope of the fol- 
lowing claims. 35 5. 

Claims 

1 . An inverter apparatus islanding operation detecting 
mettiod for detecting an event tiiat an inverter appa* 40 
ratus which converts an output of a direct current 
power source (2) into an alternating current through 6. 
waveform control synchronized v^ritfi a zero-aoss- 

ing point and supplies the alternating current to an 
load (3) in interconnection witti an alternating cur- 45 
rent power system (16) has been dissociated from 
ttie alternating cm&H power system (16) and 
started an islanding operation, comprising: 

7. 

imparting to an inverter output waveform a dis- so 
tortion for causing a variation in an output fre- 
quency In an islanding operation stage of the 
inverter apparatus (1. 30). and detecting tfie 
Islanding operation of the inverter apparatus (1 , 
30) by detecting a frequency variation of an 55 
inverter output caused by the distortion or a 8. 
variation attributed to the frequency variation. 

2. An inverter apparatus having: an inverter main or- 



cuit for converting an output of a direct cunrent 
power source (2) into an alternating current and 
supplying ttie alternating ctrrent to a load (3) in 
interconnection wrtii an alternating current power 
system (16); an inverter control system (19, 20. 21, 
22. 23. 24) fa controlling the converting operation 
into the alternating current of the inverter main cir- 
cuit (4) by wavefomi control synchronized witti a 
zero-crossing point of an inverter output; and an 
islanding operation detecting system (10. 25. 31) 
for detecting an islanding operation of the inverter 
main circuit (4) by detecting a frequency variation 
generated in ttie inverter output when ttie inverter 
main circuit (4) Is dissociated from the alternating 
current power system (16) and enters into tfie 
islanding operation state or a variation attributed to 
tfie frequency variation, ttie inverter apparatus 
comprising: 

a distortion imparting system (25, 31) for 
imparting a distortion for causing a variation in 
an output frequency of ttie inverter main circuit 
(4) in an islanding operation stage. 

An inverter apparatus as claimed in Claim 2, 
wherein ttie distortion imparting system (25. 31) 
imparts the distortion to tfie zero-crossing point and 
its proximity. 

An inverter apparatus as claimed in Claim 2 or 3. 
wherein the distortion imparting system (31) inter- 
mittentiy provides a distortion non-impartation 
period. 

An inverter apparatus as claimed in any of Claims 2 
tfirough 4, wherein tiie distortion imparting system 
(25. 31) imparts to an inverter output waveform a 
distortion which causes a zero output level in a 
specified interval ttiat temiinates at tiie zero-cross- 
ing point 

An inverter apparatus as claimed in any of Claims 2 
tfirough 4, wherein tfie distortion imparting system 
(25. 31) imparts to an inverter output waveform a 
distortion which yields an output on a descending 
side of the waveform extending from a peak of tiie 
waveform to ttie zero-crossing point. 

An inverter apparatus as claimed in any of Claims 2 
tfirough 4, wherein tfie distortion imparting system 
(31) imparts to an inverter output waveform a dis- 
tortion which causes a zero output level In a speci- 
fied interval including the zero-aossing point and 
its both sides. 

An inverter apparatus as claimed in any of Claims 2 
tfirough 4, wherein ttie distortion imparting system 
(31) imparts to an inverter output waveform a dis- 
tortion which yields outputs respectively inaeased 
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into wave peak sides of the waveform in both sides 
of the zero-crossing point. 

9. An inverter apparatus as claimed in any of Claims 2 
through 4, wherein the distortion imparting system 5 
(31) alternately repetitively imparts to an inverter 
output wavefonn a first distortion which causes the 
output frequency of tiie inverter main circuit (4) to 
increase in the islanding operation stage and a sec- 
ond distortion which causes the output frequency of io 
the inverter main circuit (4) to decrease in the 
islanding operation stage 

10. An inverter ai^ratus having: an inverter main cir- 
cuit for converting an output of a direct current is 
power source (2) into an alternating cun^ent and 
supplying the alternating current to a load (3) in 
interconnection with an alternating cun'ent power 
system (16); an inverter control system (19, 20, 21, 
22, 23, 24) for controlling the converting operation 20 
into the alternating cun-ent of the inverter main cir- 
cuit (4) waveform control synchronized with a 
zero-crossing point of an inverter output; and an 
islanding operation detecting system (10, 31) for 
detecting an islanding operation of the inverter 2S 
main circuit (4) by detecting a frequency variation 
generated in the inverter output when the inverter 
main circuit (4) is dissociated from the alternating 
current power system (16) and enters into the 
islanding operation state or a variation attributed to so 
the frequency variation, the inverter apparatus 
conrprising: 

a distortion Imparting system (31) for imparting 
a distortion to an inverter output waveform so 3S 
that an inverter output frequency varies in a 
positive feedback loop according to the fre- 
quency variation of the inverter output. 

11. An inverter apparatus as claimed in Claim 10, fur- 40 
ther conrprising a gain adjusting system (31) for 
Increasing a gain of the positive feedback loop of 
the distortion imparting system (31) when the 
islanding operation detecting system (31) detects 
an event that the inverter output frequency Is stay- 45 
ing in an abnormal frequency region. 

1 2. An inverter apparatus as claimed in Claim 10 or 1 1 , 
wherein the distortion inparting system (31) has a 
dead band in the positive feedback loop at and so 
around a rated frequency, and alternately repeti- 
tively imparts In the dead band to the inverter out- 
put waveform a first distortion which causes the 
output frequency of ttie inverter main circuit (4) to 
increase in tiie islanding operation stage and a sec- ss 
ond distortion which causes the output frequency of 
the inverter main circuit (4) to decrease in tiie 
islanding operation stage. 



13. An inverter apparatus as claimed in Claim 2. 
wherein the inverter conti-ol system (19, 20, 21, 22, 
23. 24) forms PWM data through pulse widtfi mod- 
ulation based on a component of an error between 
a cun'ent reference and the inverter output and con- 
trols the inverter output according to ttie fbnned 
PWM data, and 

the distortion imparting system imparts a dis- 
tortion to the current reference to impart tiie 
distortion to the inverter output waveform. 

14. An inverter apparatus as claimed in Claim 10 
wherein the inverter control system (19. 20, 21. 22, 
23. 24) forms PWM data through pulse widtii mod- 
ulation based on a conrponent of an error between 
a cun^ent reference and the inverter output and con- 
trols tiie inverter output according to tfie fbnned 
PWM data, and 

the distortion imparting system imparts a dis- 
tortion to the current reference to impart ttie 
distortion to the inverter output wavefbrm. 

15. An inverter apparatus as claimed in Claim 2. 
wherein the inverter conti-ol system (19, 20, 21, 22, 
23. 24) forms PWM data through pulse widtti mod- 
ulation based on a component of an error between 
a cunrent reference and the Inverter output and con- 
trols the inverter output according to tiie fbmied 
PWM data, and 

the distortion imparting system (25) imparts a 
distortion to the PWM data to impart tiie distor- 
tion to tiie inverter output waveform. 

16. An inverter apparatus as claimed in Claim 10, 
wherein the inverts control system (19. 20. 21, 22, 
23. 24) forms PWM data through pufse widtii mod- 
ulation based on a component of an error between 
a cun'ent reference and the inverter output and con- 
trols ttie inverter output according to ttie formed 
PWM data, and 

ttie distortion imparting system (31) imparts a 
distortion to ttie PWM data to impart ttie distor- 
tion to the inverter output waveform. 

17. An inverter apparatus as claimed in Claim 2. furttier 
comprising an output reducing system (25) for 
reducing the inverter output when the islanding 
operation detecting system (25) detects an event 
ttiat the inverter output frequency is deviated from 
tiie rated frequency 

ia An inverter apparatus as claimed in Claim 10, fur- 
ttier comprising an output reducing system (31) for 
reducing ttie inverter output when ttie islanding 
operation detecting system (31) detects an event 
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